Abstract. A photometric analysis of the W UMa systems V 700 Cyg and AW Vir, based on photoelectric B and V light curves, is presented. Since no spectroscopic mass-ratio is available, the q-search method was applied to find the preliminary range of the mass-ratio in order to search for the final solution. First, an unspotted solution was carried out by using the unperturbed parts of the light curves and applying the DC program of the WD code. The final spotted solution was made by adopting spot models for the two systems. In the case of V 700 Cyg, two cool spots were placed on the primary (more massive, larger and cooler) component to explain the O'Connell effect (Max II fainter than Max I) and a small deficit of light just before Max I. In the case of AW Vir, one cool spot was placed on the primary component to explain the relatively large O'Connell effect. Both objects are W-type systems with partial eclipses; V 700 Cyg is fairly evolved while AW Vir is rather unevolved.
Introduction
The variability of V 700 Cyg (Oklahoma Variable 26) was discovered by Whitney (1952) , who classified it as a W UMa system with a period of 0.340048 days. Besides the minima given by Whitney, photographic ones were published by Busch et al. (1964) and Romano (1969) , photoelectric ones by Hoffmann (1983) and by members of the BAV (Agerer & Hübscher 1995) . Visual minima were observed by members of the BBSAG (Bulletins 23, 25, 39, 49, 50, 51 and 56) . Eggen (1967) noted the presence of a close physical companion and derived the following magnitudes and colours: Its spectral type was determined to be F2 from objective prism spectra taken with the 10-inch Cooke refractor of the Leander McCormick Observatory (MacDonald 1964). Götz & Wenzel (1967) derive a spectral type of A from Sonneberg Schmidt plates. Eggen's colours, however, indicate a much later spectral type. Since a good temperature estimate is essential for the analysis, Wenxian Lu (U. of Toronto) kindly took a CCD spectrum of V 700 Cyg, covering the range 380−450 nm, with the Cassegrain spectrograph of the David Dunlap Observatory 1.9 m telescope. It was compared with main sequence star spectra from the atlas of Yamashita et al. (1977) . The spectral type was found to be G5, in good agreement with the UBV colours. The cause of the discrepancy of the old classifications is not clear; maybe the presence of the nearby visual companion has influenced the appearance of the spectrum of V 700 Cyg on the objective prism plates. The variability of AW Vir was discovered by Hoffmeister (1935) on Babelsberg and Sonneberg plates. He found short-time light variability and suspected it to be an eclipsing binary. This was confirmed by Jensch (1936) who gave a list of minimum times, based on photographic and visual observations, and derived an ephemeris. Further minima were reported by Whitney (1955) , Koch (1961) , Hoffmann (1983) , Lapasset & Gómez (1995) , and by members of the BBSAG (Bulletins 48, 67, 83, 88, 89,  92, 95, 97, 98, 101, 104, 109; visual and CCD) . Its spectral type was determined on objective prism spectra as F8 (MacDonald 1964) . A synthetic light curve analysis of AW Vir was recently presented by Lapasset et al. (1996) , who analysed B and V light curves collected in 1989.
Observations
B and V photoelectric observations of both systems were carried out with a double channel photometer, attached to the 1.06 m Cassegrain reflector of Hoher List Observatory. V 700 Cyg was observed on 1982 July 12/13, August 25/26, 27/28 and September 8/9. The star BD +38
• 4123 was used as comparison star. AW Vir was observed on 1982 February 1/2, 20/21 and 21/22. BD +3
• 2773 served as comparison star. The single observations were published by Hoffmann (1984) .
Times of minima. Period study
A linear least squares solution of the available minima of V 700 Cyg, listed in Table 1 (available from cdsarc ± 0.0015 ± 0.00000005.
The O − C diagram of V 700 Cyg ( Fig. 1 ) indicates short-term period instability, while the diagram of AW Vir (Fig. 2) indicates only marginal period changes -something quite unusual for a W UMa system that has been under observation for so long. 
Photometric solution
The light curve analysis of both systems is quite difficult for the following reasons: (a) no spectroscopic mass-ratio is known, (b) the light curves show significant anomalies with O'Connell effect, and (c) the systems exhibit partial eclipses.
The light curves of V 700 Cyg reveal brightness fluctuations mainly around the maxima. The O'Connell effect is observed in both light curves and the magnitude difference between the two maxima is Max II − Max I = 0. With such anomalies in the light curves, the analysis of both systems is quite difficult. We tried to model the light curves by invoking spots on one or both components. The need to place cool (sunspot-like) and/or hot spots on the components of contact binaries to explain the light curve anomalies and the O'Connell effect, has been suggested by several investigators (e.g. Binnendijk 1960; Hilditch 1981; Linnell 1982; Van Hamme & Wilson 1985; Milone et al. 1987; van't Veer & Maceroni 1988 , 1989 Maceroni et al. 1990 ).
Unspotted solution
The light curve analysis was carried out by using the most recent (1993) version of the Wilson-Devinney (Wilson 1990 ) synthetic light curve code, which has the capacity of automatically adjusting the spots. In order to reduce computational time and to smooth the scatter around the maxima, normal points were formed from the individual observations and assigned weights equal to the number of observations per normal. The normal points of V 700 Cyg are given in Table 3 and those of AW Vir in Table  4 (both tables are available from cdsarc.u-strasbg.fr). The mean standard deviation for normal points in B and V are 0.
m 0143 and 0. m 0142 for V 700 Cyg, and 0. m 0102 and 0. m 0104 for AW Vir, respectively. Care has been taken to ensure a faithful resemblance of the normal points to the actual shape of the minima.
We proceeded to the unspotted solution by assuming that there are no spots on the components of the systems. Therefore the unperturbed parts of the light curves were used. In accordance with the light curve anomalies mentioned before, the observations in the phase intervals 0.13 − 0.24 and 0.61 − 0.82 were not included in the case of V 700 Cyg, while those in the interval 0.60 − 0.78 were omitted in the case of AW Vir.
In the following, the subscripts h and c refer to the hotter and cooler component, respectively. The shape of the light curve minima shows partial eclipses, so that we do not know a priori whether the systems belong to A or W type. In both cases the deeper primary minimum indicates that the hotter star is eclipsed at primary minimum. Therefore, the subscripts 1 and 2 in the DC program (with phase of conjunction φ 0 = 0.0) are identical with h and c, respectively. A preliminary set of input parameters for the DC program was obtained by the Binary Maker 2.0 program (Bradstreet 1993) . The DC program was used in mode 3. In the subsequent analysis the following assumptions were made: Case V 700 Cyg: A mean surface temperature T h = 5770 K according to the spectral type G5V; bolometric albedos A h = A c = 0.5 and gravity darkening coefficients g h = g c = 0.32 were assigned values typical for stars with convective envelopes; limb darkening coefficients x h = x c = 0.78 in B and x h = x c = 0.64 in V were taken from Al-Naimiy's (1978) tables; bolometric linear limb darkening coefficients x h = x c = 0.505 were taken from Van Hamme (1993); third light was assumed to be
Case AW Vir: A mean surface temperature T h = 6200 K according to the spectral type F8V; bolometric albedos and gravity darkening coefficients were assigned the same values as for V 700 Cyg; limb darkening coefficients x h = x c = 0.75 in B and x h = x c = 0.61 in V were taken from Al-Naimiy's tables; bolometric linear limb darkening coefficients x h = x c = 0.49 were taken again from Van Hamme (1993); third light was assumed to be 3 = 0.0.
The adjustable parameters were in both cases: the phase of conjunction φ 0 , the inclination i, the temperature T c , the non-dimensional potential Ω h (= Ω c ), the monochromatic luminosity L h and the mass-ratio q = m c /m h . The quantity φ 0 was adjusted only in the first few iterations, since it showed no tendency to vary significantly. The lack of a spectroscopic mass-ratio for both systems led us to search for the solution with several fixed values for the mass-ratio q in the range 0.2 − 4. The values of q < 1 correspond to a transit at the primary (A-type system) and those of q > 1 to an occultation (W-type system). The lowest values of the sum Σ(res) 2 of the weighted squares of the residuals occured at q = 0.8 and q = 1.6 for the case of V 700 Cyg and at q = 0.8 and q = 1.2 for AW Vir, with almost equal values in both cases for each system. Figures 3 and 4 show the fit parameter Σ(res) 2 as a function of the mass-ratio q. The range in q for V 700 Cyg is 0.4 − 2.8, since for values of q outside this range no convergent acceptable solution could be obtained. were found to be 0.0210 and 0.0202. Of these two solutions (A and W-type for each system), we finally adopted the W-type solutions by taking into account (a) the better fit of the W-type solution and (b) the large mass-ratio of the A-type solution, which would be unusual for an 2 as a function of the mass-ratio q A-type system. In all DC solutions, the method of subsets (Wilson & Biermann 1976) was used because of the strong correlation between the adjustable parameters. The parameters i and q were always taken in separate subsets, since in many cases q and i can be combined in such a way that the quality of the solution becomes good for a large range of mass-ratios. The results of the unspotted solution for both systems are given in Table 5 . In Figs. 5 and 6, the corresponding theoretical light curves are shown as dashed lines. 
Spotted solution
Inspection of Figs. 5 and 6 reveals that the theoretical "unspotted" light curves do not fit satisfactorily the observations (normal points). The disagreement for V 700 Cyg is relatively small in the phase regions before Max I and around Max II, while the disagreement for AW Vir is severe around Max II (O'Connell effect). In order to take care of the decrease of brightness in the above phase intervals in both systems, a spotted solution was carried out by adopting the simplest spot model with a physical meaning, i.e. by assuming that the systems have cool spots on the primary component of the same nature as solar magnetic spots (Mullan 1975) . Two cool spots were placed on the primary (larger, more massive and cooler) component of V 700 Cyg and one cool spot on the primary (larger, more massive and cooler) component of AW Vir. The Binary Maker 2.0 program was used to obtain the best fit by adjusting the spot parameters: the latitude b, the longitude l, the angular radius R and the temperature factor T.F.
Once the best fit was obtained, the DC program was used to derive the final solution. At this stage of the solution the DC program (1993 version) was used to adjust some of the spot parameters (longitude, angular radius and temperature factor) together with the system parameters i, T c , Ω h , q and L h . Because of convergence problems with a simultaneous adjustment of all parameters, we employed the method of subsets in the sense: system parameters, spot parameters, system parameters etc. (Van Hamme, private communication). The differential corrections were computed until the corrections became smaller than their probable errors. A few more iterations were always performed after obtaining a convergent solution to ensure its stability. The final results of the spotted solution of V 700 Cyg and AW Vir are given in Table 5 , and the corresponding theoretical light curves are shown as solid lines in Figs. 5 and 6, respectively. The final spot parameters for the two systems are given in Table 6 . The final spotted solution for V 700 Cyg (where the spots were adjusted) places the two spots on the primary in positions where both are visible at phase 0.0 and hence should introduce perturbations in that phase region. These perturbations are quite small, of the order of the statistical error lines (see Sect. 5 for a discussion), because the temperature factor of the spots are very close to unity. The O − C differences between the observed and calculated points for the unspotted and spotted solutions for the two systems are shown in Figs. 7 and 8, respectively.
Discussion and conclusions
Although the available information about the systems V 700 Cyg and AW Vir is based only on photometry and spectral classification, the adopted spot models fit satisfactorily the observed light curves. The two minima have unequal depths, and a temperature difference of a few hundred degrees between the components is expected. The final solution yields a temperature difference ∆T ≈ 374 K between the components of V 700 Cyg, and ∆T ≈ 320 K between those of AW Vir. According to our W-type solution, the larger and more massive component of both systems is also the cooler one, while the smaller and less massive is the hotter component. The thermal-decoupling degree, defined as DT = (T 1 − T 2 )/T 1 (Lipari & Sistero 1988) , where T 1 corresponds to the temperature of the larger and more massive component and T 2 to that of the smaller and less massive one, yields values −0.07 and −0.05 for V 700 Cyg and AW Vir, respectively. These values place the two systems among the W-type systems in Figs. 2 and 3 of Lipari & Sistero (1988) . In the previous expression for DT we have replaced, according to our Wtype solution, T 1 = T c and T 2 = T h . We succeeded to model the light curves of V 700 Cyg by invoking two cool spots on the larger (cooler, more massive) component, while for AW Vir one cool spot on the larger (cooler, more massive) component, was sufficient to obtain a satisfactory fit to the observations. As far as the uniqueness of our model is concerned, it should be pointed out that solutions with different spot combinations may equally well fit the observations. According to Maceroni et al. (1990) and Maceroni & van't Veer (1993) this is a general problem of light curve fitting with spot models. On the basis of this argument, we tried to use the simplest model with a physical meaning.
Given that a unique solution can hardly be obtained for partially eclipsing systems with unknown spectroscopic mass-ratio, we can invoke an independent check of the quality of the derived (unspotted and spotted) solutions by considering the residuals for each light curve. Barone et al. (1993) pointed out that, according to the Chauvenet hypothesis, at least 68% of the points should be in the band defined by the statistical error lines (−S er , S er ), where S er is given by Eq. (7) of Barone et al. (1993) . In the case of V 700 Cyg we find S er = 0.0177 for B and S er = 0.0178 for V . For the unspotted solution (with phase intervals 0.13 − 0.24 and 0.61 − 0.82 excluded) 68% of the O − C points in B and 67% in V lie inside the statistical error lines. When the whole light curve is considered, the Chauvenet hypothesis is not fulfilled. In the spotted solution (where all the points are included) 82% of the O − C points in B and 66% of the points in V are within the error lines. Therefore, both the unspotted and spotted solutions fulfill the Chauvenet hypothesis marginally making thus both solutions acceptable.
In the case of AW Vir, the error lines are S er = 0.0139 in B and S er = 0.0143 in V . Similarly, for the unspotted solution (with phase interval 0.60 − 0.78 excluded) 85% of the O − C points in B and 68% in V lie inside the error lines: if we consider the whole light curve, the corresponding numbers are 72% and 51% in B and V , respectively. For the spotted solution 83% of the O − C points in B and 84% in V are within the statistical error lines. These data indicate that both solutions, the unspotted and spotted one, are acceptable, since both fulfill the Chauvenet hypothesis.
After our study had been submitted, a photometric analysis of AW Vir was published by Lapasset et al. (1996) . They used the WD code to analyse their B,V light curves, which do not show noticeable asymmetries or irregularities. An unspotted solution was found on the basis of the best fit, which formally corresponds to an Atype configuration, although the values of some physical parameters -mass-ratio, degree of contact and spectral type -are typical for W-type systems. The authors conclude they are unable to assess unambiguously the subtype of this system by photometric evidence only. Since their identification of minimum I and II is the same as in the present paper, we are confident to say that AW Vir oscillates between states of DT between 0 and a negative value.
Our solution is based on B,V light curves, obtained 7 years before the observations of Lapasset et al. They clearly show a brightness deficiency in the phase interval 0.60 − 0.78, and require the application of a spot model. Our W-type solution is based not only on the best fit, but also on the similarity of some basic physical parameters of AW Vir to those typical for W-type systems. Despite the different subtypes found in the two analyses, the geometrical elements (inclination and relative radii) are very similar in the two solutions (see Table 5 ). Lapasset et al. assumed a spectral type G0 for the primary component on the basis of UBV colours; since the photometric data given in their Table 2 are apparently misprinted, it is difficult to judge whether this spectral type is to be preferred over MacDonald's (1964) The present results are based on photometry only, since no radial velocities of the systems exist so far. Nevertheless it is interesting to speculate on the evolution status by using the absolute parameters of the systems. These were computed by the LC program of the WD code and standard relations, where the parameters found in the spotted solutions were used as input parameters, and are listed in Table 5 .
The absolute elements were used to estimate the evolutionary status of the two systems by means of the massradius (MR), mass-luminosity (ML) and HR diagrams of Hilditch et al. (1988) , who showed that the mass-radius diagram is the principal indicator of the evolutionary state. The primary components of V 700 Cyg and AW Vir lie in the region between ZAMS and TAMS, which is occupied by the primaries of other W-type W UMa systems. The position of V 700 Cyg, quite close to the TAMS, indicates that this system is somewhat evolved while AW Vir is rather unevolved. In both cases, the secondary component lies in the region where other secondaries of W-type W UMa systems are found, and has a larger radius than expected for the ZAMS mass (Hilditch et al. 1988) .
The derived W-type solutions, supported by the thermal-decoupling degree of the systems, successfully reproduce the observations and are consistent with the MR, ML and HR diagrams of Hilditch et al. (1988) . But more definite conclusions about the evolutionary status of V 700 Cyg and AW Vir can only be drawn by means of additional photometric and spectroscopic observations of the systems.
